studies and relevant review articles. One investigator abstracted data about study design and quality, psychosocial characteristics, and outcome measures. Measurements and Main Results: Of 5,746 potentially relevant studies, 20 met eligibility criteria and were included. Studies reported heterogeneous outcomes among heterogeneous samples of workers that precluded a quantitative synthesis. In general, mental illness was associated with increased workplace disability among workers with respiratory impairments. Few studies adjusted for disease severity, so the independent association of psychosocial characteristics and workplace disability is unclear. Most studies were cross-sectional, so the direction of the association could not be determined. We found only one trial of targeted therapy for the psychosocial condition, which was not effective at reducing disability. Conclusions: Psychosocial characteristics likely influence workplace disability in workers with respiratory impairments. The impact of targeted therapies is unclear and warrants further study.
OVERVIEW
Respiratory impairment and psychosocial characteristics impact workplace disability, but the interactions between these conditions are likely complicated and multidirectional. Furthermore, it is not clear if targeted interventions for the psychosocial characteristics decrease workplace disability among workers with a respiratory impairment. In order to better understand the influence of psychosocial characteristics on workplace disability among workers with a respiratory impairment, we performed a systematic review to address three questions: (1) Do psychosocial characteristics (mental illness, occupational stressors, etc.) influence workplace disability among workers with a respiratory disability? (2) Do targeted interventions decrease workplace disability among workers with a respiratory disability and concomitant adverse psychosocial characteristics? (3) Do specific mental health assessment instruments have better test characteristics among workers with a respiratory disability?
d Our systematic review identified 5,746 potentially relevant studies. Twenty studies met eligibility criteria and were included in our analysis.
d Question 1: Mental illness was associated with increased workplace disability among workers with respiratory illness. Studies of mental health were mostly conducted among patients with asthma and chronic obstructive pulmonary disease (COPD) and suggested that depression and distress had stronger associations with workplace disability than the underlying respiratory disease itself. More severe mental illness was associated with increased disability. However, an independent association between psychosocial characteristics and workplace disability could not be evaluated because few
INTRODUCTION
Pulmonary and occupational medicine clinicians are frequently required to evaluate the cause and severity of a worker's respiratory impairment and its impact on workplace disability. Although the terms impairment and disability are often used synonymously, there are important differences. According to the World Health Organization (WHO), impairment is "any loss or abnormality of psychological, physiological, or anatomical structure or function," whereas disability means "activity limitation that creates a difficulty in the performance, accomplishment, or completion of an activity in the manner or within the range considered normal for a human being" (Figure 1 ) (1) . Notably, many workers have more than one impairment that may contribute to disability. For instance, respiratory impairments and adverse psychosocial characteristics, including but not limited to mental illness and negative workplace attitudes and behaviors, commonly impact workplace disability, both individually and as concomitant conditions (2, 3) . The relationships between respiratory impairments, psychosocial characteristics, and workplace disability are likely complex and multidirectional. Patients with respiratory illnesses have a greater risk for depressive symptoms (4-7) and suffer worse outcomes than those without mental illness (8) . In particular, comorbid mental illness has been shown to potentiate the impact of physical illness on general functional disability (9) (10) (11) . It is less clear how mental illness and other psychosocial characteristics impact the association between respiratory impairment and workplace disability.
Objectively determining the severity of respiratory impairment that leads to a particular degree of workplace disability is difficult at least in part because workers often have more than one condition that affects their ability. Some aspects of the severity of respiratory disease can be relatively objectively and easily measured, such as the FEV 1 , bronchoprovocation testing, and maximum oxygen consumption (V : O 2 max) (12) (13) (14) . Ideally, clinicians would be able to evaluate the independent contribution of each component causing workplace disability, including mental illness. Although the severity of mental illness is more difficult to measure than respiratory impairment, evaluating its contribution to workplace disability is recommended when assessing a worker's ability to work (15) . Solely focusing on objective measures of respiratory impairment may lead to underestimations of the degree of disability (16) . Importantly, better understanding of the interplay between physical and mental comorbid illnesses and their effect on work outcomes may lead to improved treatment strategies (17) .
Using the WHO's theoretical model of disability to evaluate workers with multiple impairments, we performed a systematic review of available evidence regarding the association of psychosocial characteristics ("predictor") with workplace disability ("outcome") among patients with respiratory illnesses. Specifically, we had three questions, framed in the Patient Intervention Comparator Outcome (PICO) format. (1) Among workers with a respiratory disability, do psychosocial characteristics (mental illness, occupational stressors, etc.), compared with not having these characteristics, influence workplace disability? (2) Among workers with a respiratory disability and concomitant adverse psychosocial characteristics, do targeted interventions, compared with placebo or usual care, decrease workplace disability? (3) Among workers with a respiratory disability, do specific mental health assessment instruments, compared with other instruments, have better test characteristics?
METHODS

Study Identification
Two authors (C.G.S. and M.C.H.) conducted the search using PubMed focusing on text words to find the maximal number of relevant studies after consultation with a medical librarian. We combined the terms "occupational diseases," "occupational asthma," "workplace related asthma," "work related asthma," "asthma in the workplace," "respiratory tract diseases," "pulmonary disease," "asthma," or "chronic lung disease" with "behavioral disciplines and activities," "psychology," "psychosocial," "depression," or "anxiety," and "disability evaluation," "activities of daily living," "employment," "work," "work disability," or "employment status." Publications were searched from January 1, 1990, through March 8, 2013 , and limited to human studies published in English, because we believed studies published before this date would be less likely to be relevant to current clinical practices. One author (C.G.S.) also searched the Cochrane Central Register of Controlled Clinical Trials (CENTRAL), which includes trials indexed in EMBASE, for the same dates using the text search terms "respiratory" or "pulmonary" and "work" and "disability." Figure 2 shows the results of the searches. We followed the recommendations from the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement for reporting the results of this systematic review (18) and summarize our methodology in Table 1 .
The references of all included papers and pertinent review articles plus the "related citations" section in PubMed were reviewed. If two or more of the included papers had a common primary or senior author, we searched for that author's other work in PubMed. Reviews, letters, and case series/ reports were not included, but references were reviewed for possible inclusion. 
Study Eligibility
We a priori decided to include all randomized controlled trials and observational studies that evaluated the combined association of respiratory disease and psychosocial determinants (hereafter categorized as: mental health, workplace attitudes and beliefs, demographic, and disease knowledge/management characteristics) with work-related outcomes. Studies had to include workers with respiratory illnesses as the majority (.85%) of total workers, or this number was evaluated separately. We made no exclusions based on the country of origin. We included all studies that reported a relevant measure of workplace activity, including employment status, sick leave/absenteeism, hours worked, etc., as the outcome. We did not include studies that reported other activities, such as exercise or activities of daily living. All studies included a psychosocial characteristic as the predictor (Question 1), or the intervention was based on changing a psychosocial characteristic (Question 2). One author (C.G.S.) reviewed the full-text papers for these eligibility criteria.
Data Abstraction
We abstracted data about demographic characteristics, the psychosocial characteristic or intervention, specific workplace activity and/or disability outcome, statistical tests and significance, and adjustment for important confounders. We also collected data about how the predictors and outcomes were measured.
Analyses
Values and ranges for summary statistics are reported based on information provided by each of the study authors. We did not attempt to pool data across studies because there was substantial heterogeneity in the cohorts that were evaluated as well as predictor and outcome measures.
Quality Review
To measure study quality, we used a 16-item inventory (19) . These items included measures of cohort assembly, predictor measurement, outcome measurement, adjustment for confounding, and statistical analysis. Each question was graded either "Yes," "No," "Unsure," or "Not applicable" by one investigator (C.G.S.). Individual questions are listed in Figure 3 , and quality was graded as the total number of "Yes" responses over the possible number. Many studies were crosssectional, so the question regarding appropriate follow-up was not relevant. Also, most of the studies used a survey design, and it was unclear if investigators and/or participants were blinded; these studies were not included in the denominator for those criteria.
Role of the Sponsor
This study was sponsored by the American Thoracic Society (ATS). The sponsor provided documents review processes and, after satisfactory revision, forwarded to the ATS Board of Directors for final approval.
RESULTS
We identified 5,082 and 664 potentially relevant citations from the PubMed and Cochrane searches, respectively. After reviewing the title and abstract, and secondarily reviewing the references and citing papers of the included studies and review articles, we identified 76 papers for full-text review ( Figure 2 ). Of these 76 papers, 20 were eligible based on our inclusion and exclusion criteria: 6 did not evaluate a respiratory disease, 22 did not include a psychosocial predictor or intervention, 22 did not include a work outcome, and 6 were review papers. Table 2 lists the characteristics of the studies. No study quantitatively addressed the third question, so this aspect was not addressed. Most of the studies included workers with asthma and/or COPD. None of the studies that included workers with asthma were limited to workers with work-related asthma, but one separately categorized this group. Table 3 lists the studies, the psychosocial predictor or intervention, work outcomes measured, and results from each study. Representative studies are discussed below.
Study Quality
In general, study quality was good ( Figure 3 ). Seventeen studies were cross-sectional, and most used survey data, with two prospective cohorts and one randomized intervention trial. All but one of the studies met at least 75% of the applicable quality criteria. Few studies (20%) addressed the potential problem of multiple comparisons or reported potential conflicts of interest (15%).
QUESTION 1 Mental Health
In general, mental health was found to be associated with workplace disability among workers with asthma and COPD (Tables  1 and 2 ). The studies included multiple aspects of mental health, including anxiety, depression, and distress, that were measured with many instruments or methodologies. For example, Kessler and colleagues examined the impact of depression relative to other health problems using the WHO Health and Workplace Questionnaire, a self-report of work absenteeism and job performance, among workers in a large U.S. firm (20) . Respiratory problems were one of nine medical problems included on the Health and Workplace Questionnaire checklist. They found that depressive symptoms were associated with poor work performance, whereas asthma was not. They did not observe an interaction between asthma and depression, implying that poor work performance was associated with depression alone, rather than acting as an effect modifier.
Few studies adjusted for respiratory disease severity. However, in a cross-sectional study of Health Maintenance Organization enrollees in California with a previous hospitalization for asthma, Eisner and colleagues showed that poor mental health, as measured with the Short Form Health Survey (SF)-12, was associated with higher odds ratios (ORs) for partial and complete disability as well as receipt of disability payments that persisted after adjustment for a self-reported asthma severity score (21) . In a study that adjusted for pulmonary function and other potential confounders, among Dutch workers enrolled in an asthma treatment trial, measures of anxiety and asthma-related stigma were associated with absence from work in the previous 3 months (22).
Stein and colleagues used a large cross-sectional study from Canada (the Canadian Community Health Survey) to examine the impact of a major depressive disorder on work disability among workers with chronic illnesses, including asthma and COPD (23) . Participants with a respiratory disorder with concomitant major depressive disorder had a higher adjusted risk of missing work for asthma (OR, 2.38; 95% confidence interval [CI], 1.04-5.43) and COPD (OR, 2.58; 95% CI, 1.11-5.99), respectively. These ORs were adjusted for sociodemographic characteristics and chronic physical illness burden but not markers of disease severity.
Schmitz and colleagues also used data from a portion of the Canadian Community Health Survey to determine the functional disability of individuals with asthma and psychological distress (24) . They examined disability days in the previous 2 weeks for 6 subgroups: subjects without asthma with low, moderate, or high psychological distress and subjects with asthma with low, moderate, or high psychological distress. For subjects with asthma and low psychological distress, the OR for having 1 or more disability days in the previous 2 weeks was 1.40 (95% CI, 1.19-1.64) versus 11.73 (95% CI, 8.30-16.57) for those with asthma and high psychological distress (both using subjects without asthma and having low psychological distress as the referent). Using the same cross-sectional survey, Goodwin and colleagues found that self-reported asthma and a lifetime history of a mental health disorder were associated with adjusted higher risks for workplace disability due to physical health and work limitation compared with asthma alone (OR, 2.03; 95% CI, 1.57-2.63 and OR, 2.08; 95% CI, 1.59-2.97), respectively (25) . Neither study adjusted for markers of asthma severity.
One study evaluated patients with work-related asthma. Mazurek and colleagues used the U.S. Behavioral Risk Factor Surveillance System survey to identify workers with self-reported asthma. They defined subjects with work-related asthma (WRA) as those who answered "yes" to a question regarding being told by a clinician their asthma was "related to any job you ever had" (26) . They found an association of WRA and depression (based on the Patient Health Questionnaire-8) with an inability to work 14 or more days in the last year (adjusted prevalence ratio, 4.20; 95% CI, 2.43-7.25) compared with a prevalence ratio of 2.78 (95% CI, 1.64-4.68) for WRA alone.
Three studies included patients with cystic fibrosis who also showed an association between mental health and workplace disability. As an example, Burker and colleagues, using a survey of patients with cystic fibrosis referred to a transplant clinic in North Carolina, found that people who were not working had higher Beck Depression Index scores (27) . In addition, they found higher depression scores and higher optimism scores (measured on the Life Orientation Test) were associated with less and more hours worked per week, respectively. Notably, FEV 1 was not associated with hours worked per week.
Workplace Attitudes/Beliefs
Several studies from the Netherlands used cross-sectional surveys of patients with asthma and COPD. Boot and colleagues found Figure 3 . Percentage of studies meeting each quality measurement. Studies were categorized as deficient if they did not report on the measure. Most studies were cross-sectional, so the question regarding follow-up was not applicable, and these studies were not included in the numerator or denominator. associations of several workplace attitudes and beliefs with sick leave (28-32) ( Table 2 ). For example, among subjects with asthma, more control over fatigue at work was associated with less sick leave (32) . Among patients with COPD, more unpleasantness of negative work consequences (example: "if my colleagues will have to do more work when I am taking sick leave .") was associated with a higher risk of sick leave (32) . They also found that less often spending all one's energy at work was associated with decreased sick leave, whereas pulmonary function and pulmonary-aggravating work factors were not (30) . Finally, they found that several factors, including high job satisfaction, were associated with sick leave (31) ( Table 3) .
Demographics
Several studies, including those by Boot and associates, found that socioeconomic and other demographic characteristics were associated with disability ( Table 2) . As an example of this type of study, Blanc and colleagues, using a survey of patients with asthma from California, reported that higher levels of education were associated with lower rates of asthma-attributed complete cessation of work after adjustment for self-reported asthma severity (33) .
Disease Knowledge/Management
Several studies found an association of disease knowledge and management characteristics with workplace disability (Table 2) . Erickson and Kirking used a cross-sectional survey of workers with asthma in Michigan to evaluate several factors that were associated with work disability (34) . For example, avoidant health beliefs (for example: "I do my best to avoid situations that trigger my asthma") were associated with more missed workdays, whereas access to a health-care provider was associated with fewer.
QUESTION 2
We found one report of a psychosocial intervention designed to affect work and other activities (35) . The intervention was a randomized controlled trial focused on stress management education among 94 patients with chronic lung disease. There was no effect of the intervention on restricted activity workdays.
DISCUSSION
The most consistent finding was that mental illness was associated with increased workplace disability among workers with respiratory illness. However, few of the studies adjusted their analyses for objective pulmonary function variables or other markers of disease severity, so the independent effect of mental illness is uncertain. The studies of mental health were mostly conducted among patients with asthma and COPD and suggested that depression and distress had stronger associations with workplace disability than the underlying respiratory disease itself. These studies also suggested that more severe mental illness was associated with increased disability. It is difficult to draw generalizable conclusions about the influence of other potentially modifiable psychosocial characteristics other than mental illness, because there were few studies, and several involved the same cohort. In terms of potential therapies, there was only one study that examined the effect of treating comorbid mental illness among workers with a respiratory impairment with workplace disability. Thus, it is unclear if targeted interventions of psychosocial characteristics are useful. Finally, there is no evidence to guide the choice of mental health assessment instrument among workers with a respiratory impairment.
Respiratory illnesses and psychosocial characteristics commonly impact workplace disability (3, (36) (37) (38) (39) , but the interactions between these conditions are complicated. Many of the studies included in our review are cross-sectional, so whether coexisting mental illness leads to more disability among workers with respiratory illness versus disability from respiratory impairment leads to worse mental illness cannot be determined. Based on other conditions, these relationships are likely multidirectional (15) . Substantiating the hypothesis that mental illness leads to disability, depression in preretirement adults has been associated with increased risk of disability for activities of daily living (40) . In addition, respiratory impairment, such as poor control of asthma symptoms, is associated with higher rates of incident depression (41) . There is also evidence that not working leads to increased mental illness, as underemployment is a risk factor for incident mental illness (42) . Given these complex mechanisms between respiratory impairment, psychosocial characteristics, and workplace disability, future studies will need prospective, longitudinal designs with adequate adjustments for relevant confounders. In lieu of treatment effectiveness evidence, these types of studies may help address where and when to focus targeted therapies.
Several studies in this review reported that workplace attitudes and beliefs are associated with disability among workers with respiratory impairments. Other studies have reported that these beliefs can impact mental health as well. For instance, in a longitudinal study of workers with arthritis, lower workplace support and greater workplace activity limitations were significantly associated with future depressive symptoms (43) . In systematic reviews, factors such as job strain, low decision latitude, low social support, high psychological demands, effort-reward imbalance, and high job insecurity are associated with incident mental illness (44, 45 ). Boot and colleagues described four types of adaptations to respiratory impairment in a qualitative analysis of workers in the Netherlands with asthma and COPD: the eager, the adjusted, the cautious, and the worried workers (46) . Despite similarities in impairment severity, these coping mechanisms were related to different levels of disability. The authors propose that better understanding of an individual's coping strategies can lead to decreased disability, a theory that deserves further investigation. We were particularly interested in how psychosocial characteristics influenced disability among those with work-related asthma. We found one systematic review on this topic (47) , and, like those authors, we only found one relevant paper (48) that had been published at that time. That paper was not included in our systematic review because it did not quantitatively report the association of psychosocial characteristics with work disability. We identified one paper published after the previous systematic review that indicated the combination of depression and WRA was more strongly associated with workplace disability than either alone (26) . Guidelines and reviews on caring for workers with a disability caused by work-related respiratory impairment are mostly silent on this issue (49) (50) (51) (52) . However, studying this issue was listed as one of 100 key questions in occupational asthma research (53), and we concur that this association deservers further evaluation.
We identified only one trial that investigated the effect of treating psychosocial attributes on work outcomes among people with respiratory illness (35) . There is a high prevalence of depression and it has a significant negative impact on work outcomes in other settings. However, treatment is underused (54) , despite evidence that treatment improves workplace outcomes (55) . In a Cochrane review of treating depression among people with back pain, the authors reported conflicting evidence that intensive interventions improved work outcomes (56) . Thus, because there appears to be a detrimental association between mental illness and work outcomes among people with respiratory illnesses, improving outcomes will likely require the use of intensive interventions. Our review focused on interventions directed at the individual worker, but it may be useful to also examine worksite interventions.
It is recommended that clinicians screen patients for depression using one of several instruments (15) , and it may be worthwhile for clinicians to consider evaluating other psychosocial characteristics as well. We found no studies that directly compared different instruments for detecting psychosocial comorbidities among workers with respiratory disability. However, the U.S. Preventive Services Task Force recommends measures to be used in primary care settings that may be useful (57) .
It is possible our strategy did not identify relevant studies. We followed the PRISMA guidelines, but searched only two databases from 1990 onward. Only one author reviewed the Cochrane Register results and abstracted the data. However, given our a priori plan to construct the search using broad terms, the very large number of abstracts we reviewed, our review of related citations, our finding that only 4 of 19 papers were from before 2000, and obtaining similar results from related reviews (47, 58) , we believe it is unlikely we missed papers that would alter our conclusions.
Conclusions
We found that psychosocial characteristics are associated with workplace disability among workers with respiratory impairments, chiefly that mental illness is associated with decreased workplace ability. Because most studies were cross-sectional and did not adjust for respiratory impairment severity, the direction and independent effect of these psychosocial characteristics on workplace disability is not clear. Furthermore, there is no evidence to guide directed interventions. Although more research into these complex relationships and treatments is needed, there is evidence from other settings that treating these conditions in isolation is beneficial. However, these cofactors appear to be common and undertreated. They likely play a role in the disability, and there is some evidence that they impact the disability more than the actual respiratory impairment. As these characteristics often warrant treatment regardless, occupational medicine and pulmonary clinicians should consider an evaluation for these conditions among workers with disability from a suspected respiratory impairment.
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